In this work, single-phase La0.7Sr0.3Zr0.5Co 0.2 O3 ceramics with the stable perovskite structure were utilized for fabrication of multilayer negative temperature coecient thermistors. The number and thicknesses of ceramic layers were adjusted to attain suitable resistances in a desired temperature range. Scanning electron microscopy studies revealed a dense, ne-grained microstructure of ceramic layers, lack of delaminations and cracks at ceramic layerconductive layer boundaries and a good cooperation with conductive layers. The temperature coecients of resistance of the fabricated multilayer thermistors were changing from −13 to −1%/K in the temperature range from −55 to 400
Introduction
Thermistors are resistors with a high temperature coecient of resistivity (TCR):
Due to their low cost, simple construction, high sensitivity and high signal to noise ratio thermistors are utilized for precise temperature measurement and control.
The most widely used are negative temperature coecient (NTC) thermistors made of semiconducting ceramics with the spinel or the perovskite structure. Thermally activated polaron hopping is a mechanism responsible for the electrical conduction of these materials. Their resistance R T changes exponentially with temperature T and can be described by the relationship
(2) The B constant (beta factor or coecient of thermal sensitivity) is a thermistor parameter which reects how rapid is a resistance change with changing temperature. The value of B constant can be determined on the basis of the following formula:
where R 1 and R 2 resistances at temperatures T 1 and T 2 , respectively. Conventional NTC thermistors are based on spinel forming oxides of manganese, chromium, cobalt, copper, iron, nickel [14] . However, at temperatures exceeding 200
• C, due to not stable composition and structure and resulting remarkable aging [5] , the applicability of the spinel based materials is limited. Thus at higher temperatures, materials with the more stable perovskite structure are preferred [59] . Thermistors are produced as discrete bulk elements and as thick lms screen printed on inert substrates. Recently, thick lm thermistors red on the surface or buried inside multilayer LTCC substrates have been also investigated [4] .
The • C for 10 h. The reaction products were ball milled for 8 h and dried. The perovskite LSTC and LSZC powders were utilized as inorganic components of slurries for tape casting and subsequently for fabrication of multilayer thermistors. The organic part of the slurries for tapes comprised polyvinyl butyral as a binder (ceramic:binder = 10:1), sh oil as a dispersant, polyethylene glycol and dibutyl phthalate as plasticizers (binder:plasticizers = 2:1), toluene and isopropyl alcohol as solvents. The inorganic and organic components of the slurries were mixed by ball milling for 4 h. Fabrication of green foils from the prepared slurries was carried out by the use of a tape caster (R. Mistler). The thermistor tapes were dried at room temperature, and then at 50
• C for a few hours. Further operations comprised cutting of green sheets, screen printing of internal contacts, stacking of thermistor sheets, isostatic lamination, dicing into individual thermistors, deposition of external terminations, and ring.
Green sheets with appropriate dimensions and holes for positioning were cut using a laser (Oxford Laser). Internal and external contacts were made of ESL Pt 5542 paste. Five or ten layers with screen printed internal contacts separated by 13 layers of the thermistor foil were stacked using a laboratory stacker and laminated in an isostatic laminator (Pacic Trinetics Corp.) under a (436) pressure of 40 MPa at 75
• C for 10 min. Then, dicing of the laminates into individual thermistors and deposition of external contacts were performed.
The nal step was ring of multilayer thermistors in a chamber furnace according to a prole which ensured slow burnout of organic components in the temperature range 80460
• C and cosintering of ceramic and Pt internal conductive layers at peak temperature of 1150 1300
• C for 5 h. Parallel arrangement of thermistor layers makes possible to diminish the total resistivity of an element and to tailor the resistance to a desired range by adjusting the number of the layers. The resistance measurements were carried out in the temperature range from −55 to 400
• C. The microstructure of the ceramic layers and their compatibility with Pt contacts were investigated using a scanning electron microscope (FEI Co.).
Results and discussion
The obtained green tapes are smooth, exible, with high strength, without cracks, bubbles or inclusions. The thickness of green tapes was about 80 µm. Figure 1a and b shows a rolled exible green thermistor tape and two kinds of green sheets with screen printed internal Pt contacts. In Fig. 2a the scheme of a multilayer thermistor is shown. Figure 2b presents a multilayer thermistor after sintering. The fabricated multilayer thermistors exhibit proper resistance ranges and high temperature coecients of resistance. In the temperature range from −55 to 400
• C, the TCR values are changing from −12.6 to −2%/K and from −11.0 to −1.1%/K for LSTC and LSZC thermistors, respectively. The calculated values of B constant are ranging from 6300 to 8000 and 4200 to 5100 in this temperature range for LSTC and LSZC thermistors, respectively. A maximum of the coecient of thermal sensitivity is observed which reaches for B 150/250
• C the values equal to 8900 K and 5700 K for LSTC and LSZC thermistors, respectively. The activation energies of electrical conduction for the examined thick lms were 0.60.7 eV. The changes in resistance of the thermistors after storing at room temperature during 3 months were negligible.
